The early evolution during massive star cluster formation is still uncertain. Observing embedded clusters at their earliest stages of formation can provide insight into the spatial and temporal distribution of the stars and thus probe different star cluster formation models. We present near-infrared imaging of an 8 ×13 (5.4pc×8.7pc) region around the massive infalling clump G286.21+0.17 (also known as BYF73). The stellar content across the field is determined and photometry is derived in order to obtain stellar parameters for the cluster members. We find evidence for some sub-structure (on scales less than a pc diameter) within the region with apparently at least three different sub-clusters associated with the molecular clump based on differences in extinction and disk fractions. At the center of the clump we identify a deeply embedded sub-cluster. Near-infrared excess is detected for 39-44% in the two sub-clusters associated with molecular material and 27% for the exposed cluster. Using the disk excess as a proxy for age this suggests the clusters are very young. The current total stellar mass is estimated to be at least 200 M . The molecular core hosts a rich population of pre-main sequence stars. There is evidence for multiple events of star formation both in terms of the spatial distribution within the star forming region and possibly from the disk frequency.
INTRODUCTION
The process of star cluster formation remains poorly understood. How it proceeds through the collapse of a molecular clump, the time scale of the collapse, and whether it is a monolithic collapse or a collection of mergers of sub-clusters is still debated (Elmegreen 2000; Tan et al. 2006; Elmegreen 2007; Nakamura & Li 2007; Hartmann & Burkert 2007 , see Longmore et al. (2014 for a review). Numerical simulations show that self-gravitating, turbulent, and magnetized gas has a low star formation efficiency per free fall time (e.g. Krumholz & McKee 2005; Padoan & Nordlund 2011; Padoan et al. 2014) . However, if turbulence has dissipated, efficient star formation (of 30% or more) can happen on as little as one free fall time (e.g. Elmegreen 2000) . Most massive clusters known are already gas free such that star formation has stopped and thus in this context are relatively old.
To be able to distinguish the different formation models one has to observe clusters during their formation. Although there are massive pre-cluster candidates, e.g. G0.253+0.016 that may form a massive Galactic Center cluster in the future (Longmore et al. 2012 ) very active star formation has not yet begun within them. The CHaMP survey (Barnes et al. 2005 ) is as unbiased survey of 20 × 3 degrees of the Galactic plane to characterize the star formation (see also Barnes et al. 2011) . One of the first discoveries out of the survey was the identification of a massive clump with a very large infall (Barnes et al. 2010) . The massive clump G286.21+0.17 is located in the Carina star forming complex and was identified to have a molecular infall rate of (3.4 × 10 −2 M yr −1 ), indicating that star formation is still ongoing (Barnes et al. 2010 , where the core is known as BYF73). They suggested a molecular mass of up to 2×10 4 M assuming a distance of 2.5 kpc and a luminosity of 2-3×10 4 L (see also Verma et al. 1994) . We adopt a distance of 2.3 kpc for the region based on its association near the Carina complex, see Smith & Brooks (2008) for a discussion of the distance.
That star formation is ongoing was indicated already from IRAS observations and subsequent balloon observations (Verma et al. 1994 ) but higher resolution observations were necessary to confirm a deeply embedded cluster in the center of the clump observable at 2.2 µm. Ohlendorf et al. (2013) confirmed the presence of the cluster and presented deeply embedded sources detected in the mid-infrared with Spitzer IRAC. However the sensitivity, spatial resolution, and wavelength coverage in the previous studies complicated a characterization of the stellar population using current mid-infrared capabilities.
Here we present deep near-infrared VLT/HAWK-I JHK s imaging of G286.21+0.17 and its surrounding environment. The main goal is to characterize the stellar content, in terms of object masses and disk fractions, of the molecular clump and of nearby possibly interacting star-forming regions within the Carina molecular cloud.
The paper is organized as follows. Section 2 describes the near-infrared data and their reduction. In Section 3 the basic results from the color-magnitude and color-color diagrams are presented and discussed. The extinction map of the region based on the near-infrared photometry is presented. The derived disk fraction for the different sub clusters and a lower estimates for the total mass of the star forming regions are presented. Further the spatial distribution within G286.21+0.17 is discussed. Finally we conclude in Section 4.
DATA
The near-infrared HAWK-I data and their reduction are presented. The photometry is derived and converted into the 2MASS system. The source counts are discussed and the depth of the data is derived. HAWK-I has a field of view of 7.5 with a pixel scale of 0.106 /pixel. The seeing during the observations was 0.4 -0.6 (920-1380AU). A mosaic of 8 ×13 was observed where the mosaicking was performed by offsets along strips to compensate for the gap between each of the four detectors and to obtain sky frames using a running median stacking of the science frames, using the adjacent frames for the sky using imcombine within the iraf environment to create the sky frames. Each frame was obtained with an individual exposure time of 10 seconds with 6 repeats before the telescope was slewed 3 .
Cosmic rays were identified in each frame using lacosmic (van Dokkum 2001) and were masked in the further data reduction. Each frame was corrected for geometric distortion based on stars in common with the 2MASS catalog using geomap and geotran in the iraf environment. A third order polynomial fit based on more than 100 stars per frame was performed resulting in an RMS of 1 pixel. The frames for each filter were then median combined. The total exposure times across the molecular clump and star clusters were 6000 seconds in J, 1500 seconds in H, and 1500 second in Ks, respectively. A color-representation of the observed region is shown in Fig. 1. 
Source detection, calibration and photometry
The region is located in the Galactic plane and is strongly affected by extinction both by the foreground and from the molecular clump. This, together with the intrinsic red colors of pre-main sequence stars, makes the young population easier to identify in the Ks band than at J or H despite the shorter exposure time. Point sources were therefore identified in the Ks band. The source detection was performed using daophot within the iraf environment, where a detection threshold 4σ above the background was used. The source list was then used for photometry in all three bands. Photometry was performed in a 5 pixel radius aperture (0.5 , corresponding to the average seeing) and a local sky determined in an annulus between 30 and 35 pixels (3-3.5 ).
The photometry was converted into the 2MASS system utilizing stars in common with the 2MASS catalog and not saturated in the HAWK-I data. Stars in common between this survey and 2MASS fainter than K 2mass = 13 mag were used. Zero points and first order color terms were determined for each filter. The comparison with the 2MASS photometry is shown in Fig. 2 for sources with photometric errors less than 0.1 mag in the 2MASS catalog (421 sources). The best-fit Gaussian to each histogram are centered at 0 with a dispersion of 0.04-0.06 mag depending on the filter. The spread is expected given the large differences in spatial resolution and sensitivity between the two data sets.
A total of 55129 sources were detected in the Ks band mosaic. Using that photometry list on the J and H band mosaic and only accepting sources with a centroid position that agrees within 1 pixel in x and y, a list of 25875 sources have been identified. Further restricting the list to objects having a photometric error less than 0.1 mag in each band results in a total of 20989 objects. The number counts as a function of magnitude is shown in Fig. 3 . Sources down to Ks=21 mag are detected with a formal error of 0.1 mag. The source counts deviate from a power-law at Ks≈ 18.5 mag and J≈ 21 mag, which indicates incompleteness at fainter magnitudes.
Completeness
We have performed artificial star experiments to test the depth of the data. With the spatial resolution and the general source surface density it is expected that the background noise from the Earths atmosphere and ionized gas within the cluster region are the main limitations for detection objects.
The tests follow a similar method as e.g. Andersen et al. (2009 Andersen et al. ( , 2016 . Briefly, a point spread function (PSF) is created from isolated bright non-saturated stars across the field. Artificial stars are then placed in the frames using this PSF and magnitudes similar to those observed. The number of artificial stars added is limited to 10% of the observed stars in the region analyzed to avoid changing the crowding characteristics. The artificial stars follow a luminosity function similar to that of the stars observed. The stars are placed at a random position using the PSF before aperture photometry is performed for all objects.
An artificial star was considered recovered if the retrieved position was less than 0.5 pixels (0.05 ) from the input position and the retrieved magnitude is less than 0.1 mag from the input value. Fig. 4 shows the recovery frequency as a function of magnitude. The photometry across the cluster regions is more than 80% complete for sources brighter than Ks=17 and is 50% or better complete for sources down to Ks=19.
To estimate the total cluster content and the total mass of the (sub) clusters we utilize the completeness correction to take the missing stars into account. In practice this is performed by weighing each object detected with the completeness correction. A function with the shape of the Fermi function, f (m) = 1/(1+e (m−m 0 )/m1 ), was fitted to the completeness as a function of magnitude and the completeness correction for each star was then determined from the fit. 
RESULTS AND ANALYSIS
We present the immediate results from the imaging survey. The color-magnitude and color-color diagrams are utilized to characterize the general stellar population within the field of view and to identify several sub-clusters. The sub-cluster content is then described in more detail and their relation to the surrounding molecular cloud is discussed. Fig. 1 shows the near-infrared observations together with the H 13 CO + (1 − 0) contours obtained from the observations discussed in Barnes et al. (2010) . The clump G286.21+0.17 is seen as the molecular emission peak at the middle of the image. Barnes et al. (2010) ; Ohlendorf et al. (2013) noted the presence of embedded sources within the clump but it is only with the sensitivity and spatial resolution in the near-infrared that the relative richness of the cluster is evident. Most of the sources are heavily obscured and only detected in the Ks band.
Overview of the region
To the north-west of G286.21+0.17 is located more exposed star formation as noted in Barnes et al. (2010) . The strong diffuse emission in a shell-like structure suggests there to be an HII region present, which is confirmed by the Br γ emission seen by Barnes et al. (2010) . This region is also more strongly populated by stars and most are less affected by extinction compared to the deeply embedded cluster.
The combination of the HCO + (1−0) and H 13 CO + (1−0) emission confirms the conclusions based on the stellar colors. There is little molecular material associated with the apparently exposed HII region whereas the red stellar cluster is located at the peak of the H 13 CO + (1 − 0) emission and thus heavily embedded. There appears to be substantial lower column density material extended north-south along the star forming regions. Curiously there appear to be few red stars associated with this structure.
At the northern edge of the field of view is located a large diffuse emission region. In its outskirts is further seen a thin bow structure both to the north-and south-west. This object is located at a projected distance of 3.7 pc from G286.21+0.17 and is most likely not directly related to the star formation event discussed here but a part of the greater Carina molecular cloud. Fig. 5 shows the region surrounding G286.21+0.17. Three cluster regions are marked, one centered on the stars in the molecular clump (region 1), one centered on the diffuse emission region (region 3), and one centered on the interface region of the two (region 2). Further, the whole complex is also studied as one to show the presence of sub-structure justifying the separation into several groups. A control field was further chosen to be able to quantify the fore-and back-ground contamination. The location of the control field, shown in Fig. 5 as a yellow circle was chosen to be East of the cluster at similar Galactic latitude to probe a similar field population. The cluster regions are selected by hand based on the different characteristics of the different locations, mainly in terms of the molecular material associated with each cluster.
Color-magnitude diagrams
The J-H versus J color-magnitude diagrams for the cluster regions and the control field are shown in Fig. 6 . The control field shows two distinct populations, one at J-H≈0.6 and another at J-H≈ 2. Comparing the main sequence in the color-magnitude diagrams with the bluer stars in the control field suggests that these are in the Galactic disk and slightly reddened, consistent with being the field population on the foreground to the clump. This would suggest a foreground extinction of a few tenths in A K s , consistent with a typical extinction in the Galactic plane of A V ≈ 1.8/kpc, (Whittet 2003) .
The redder population is likely to consist of a background population reddened by the line-of-sight material in the spiral arm hosting the Carina Nebula. There might also be slight added field population from the general extended star formation in the Carina Complex. Some evidence for this is provided in the color-color diagram of the control field shown below. Thus, for the statistical subtraction of field objects it is assumed this population is constant across the field of view, which is small compared to the size of the Carina star forming complex.
The color-magnitude diagrams for the sub-clusters and the control region show very distinct morphologies. In all three regions the foreground population clearly stands out at J-H∼0.6 and a J magnitude range of 15-20. There is a large range of extinction without any clear concentration. Based on the amount of extinction determined from the mm observations (Barnes et al. 2010 ) the detection of background field stars is expected to be modest.
Region 2, adjacent to G286.21+0.17, displays a more complicated behavior. The foreground population is still clearly visible. The region appears more rich than region 1. This, however, may be due to the much larger extinction towards region 1 that partly obscures members in region 1. There is a large range of reddening for this region as well suggesting that the stellar population is still partly embedded.
The exposed HII region (region 3) has a morphology very similar to the control field but there is a slight overabundance of sources with a color of J-H≈ 2 and J≈ 17, which is the bright end of the cluster population.
Field star contamination
It is expected that a large fraction of the stars detected are field objects and part of a more dispersed population of previous star forming events in the Carina molecular cloud. Both will affect the derived cluster parameters if not taken into account.
Part of the foreground population is well separated from the expected cluster content. The red population seems to overlap with the cluster content in the color-magnitude diagram and thus needs to be accounted for. We have statistically subtracted the field contamination using the same technique as in Gennaro et al. (2011); Andersen et al. (2016) . The algorithm calculates the density of objects in the color-color diagram of both the designated field region and the cluster region taking the photometric errors into account. Both density diagrams are then scaled by the surface area on the sky to enable a comparison of the object density per unit area. The relative density of objects in the two diagrams is then used to assign a probability that an object in the cluster is a field object. Membership is then determined by comparing the probability for each object with a randomly drawn number between zero and unity. If the number is greater than the probability the object is deemed a field object. This approach worked very well for Westerlund 1 (Gennaro et al. 2011; Andersen et al. 2016) due to the high density of objects and limited range of colors providing well sampled probability density functions.
Note that the observed region is within the Carina molecular cloud and some contamination of other star forming events is likely. Indeed a small disk fraction is observed in the control field, as shown below.
Color-color diagram and disk fractions
The near-infrared color-color diagram is an effective tool to identify objects with a warm circumstellar disk (e.g. Meyer et al. 1997) . The heating of the disk is responsible for an excess at longer wavelengths separating the objects in the color-color diagram from objects without a disk with only the stellar photosphere present. Fig. 7 shows the H-K versus J-H diagrams for the described sub-regions and the control field. The foreground population follows the colors of the main sequence as expected but with a slight shift ( a few tenths magnitudes in color) due to the foreground extinction. As is the case for the color-magnitude diagram, the surveyed region as a whole shows a large spread in reddening but with the majority of the objects having colors consistent with being reddened field stars or reddened background giants.
Objects located to the right of the reddening vector from the M6 main sequence colors are typically assumed to be objects with an excess due to a circumstellar disk. Further, the objects have to be above the de-reddened T-Tauri locus to be considered T-Tauri star candidates. Even in the control field there are a few objects showing evidence for a disk excess. This is not surprising given the extended star formation in the Carina molecular cloud.
We thus determined the disk fraction based on the ratio of objects to the left and to the right of the reddening vector from a non-reddened M6 main sequence star and above the T-Tauri locus for the three cluster fields and the control field, which is the typical method from near-infrared color-magnitude diagrams.
In addition, all objects with a color H-Ks< 0.5 have been ignored since they are foreground objects. Table 1 presents the disk fractions for the selected regions within the observed field. Although the disk fraction in Region 3 is relatively high it is still lower than that of Regions 1 and 2. Adopting the disk fraction as a proxy for (relative) age this would suggest an age difference between the regions, supported by the difference in how embedded the regions are; Region 3 is almost exposed already. In addition to the full sample we have further created a magnitude and extinction limited sample for each of the cluster in order to probe a similar range of stellar masses for the different regions. We have set the limiting magnitude and extinction as J<19.5 and A K = 2 as a compromise between depth and being able to reach a sample probing a reasonable range of extinction. The disk fraction for all three cluster regions is high compared with other star forming regions (Hillenbrand 2008 ) and would suggest ages of around 1 Myr. The determined disk fraction appears marginally higher for regions 1 and 2 than for region 3 suggesting they are (Bessell & Brett 1988) , a the reddening vector extending from an M6 spectral type and the T-tauri locus from Meyer et al. (1997) . Note-After field subtraction and the corresponding fraction for the control field. The disk fractions for the magnitude and extinction limited sample are also given. Error bars represent the uncertainty from counting statistics and the field subtraction.
younger than the exposed HII region. However, as seen in Fig. 6 there is a substantially larger spread in determined extinction values for region 1 in particular and partly for region 2. Objects are only detected in the Ks band and are thus not included in the samples since several bands are necessary to identify a disk and the higher extinction would exclude them from the current extinction limited sample. The majority of stars in region 1 are too heavily embedded to be detected in the VLT J band. Deeper HST observations are expected to reach deeper embedded objects also at short wavelengths. Their relative youth is in general agreement with the two sub-clusters being more deeply embedded and thus not have had time to clear the surrounding material.
3.5. Near-infrared extinction map and the molecular gas mass
The near-infrared photometry has been used to construct an extinction map of the region which is shown in Fig. 5 . The method follows the approach in Kainulainen & Tan (2013) , although limited to the near-infrared observations and is usable to extinction values up to A V ≈ 20 at which point the surface density of stars detected in the J band becomes too low to obtain a reasonable spatial sampling. For higher extinction regions the H 13 CO + (1 − 0) map provide a good estimate. The background stellar density allows a resolution of the extinction map of 21 , corresponding to a physical scale of 0.27 pc for a distance of 2.3 kpc.
Due to the distance of 2.3 kpc there is expected to be unrelated material along the line of sight which would overestimate the extinction associated with G286.21+0.17. Based on the location of the expected foreground stars in the color-magnitude diagrams in Fig. 7 , the typical color is J-H≈ 0.7. A typical color for late-type stars is J-H∼ 0.5-0.6. Using the extinction law of Calzetti et al. (1994) this corresponds to A V ∼1.5 which is subtracted from the extinction measures. Changes in this adopted foreground extinction of 1 magnitude changes the total mass estimate by 10%. The gas mass determined from the extinction map is 1600 M assuming A V =1.87×10 21 N H (Bohlin et al. 1978 ) assuming R V = 3.1 after foreground subtraction. This is a strict lower limit since it only accounts completely for the mass in regions where the extinction can be well determined. High column density gas tracers or long wavelength observations of the dust seen in emission can be used for the densest parts. The analysis by Barnes et al. (2010) suggested a gas mass of at least 10 4 M for the central parts of the core where the extinction map is not sensitive and Barnes et al. (2016) find a similar mass but for the extended cloud using 12 CO.
Cluster sub-structure
A search for sub-structure in star clusters can provide information on its evolutionary state. One way to parameterise the structure is the Q value introduced by Cartwright & Whitworth (2004) . The method utilizes the Minimum Spanning Tree (MST) and the ratio of the normalized mean length in the branches of the tree to the ratio of the mean separation to the cluster radius, Q = m s is a measure of the structure within the region examined. As illustrated in Cartwright & Whitworth (2004) a Q value larger than 0.8 indicates a centrally concentrated whereas a smaller ratio indicate a sub-structured (fractal) distribution.
We have calculated the Q parameter for all the objects deemed members from the statistical background analysis for the three sub-clusters and for the integrated region shown in Fig. 5 as the red circle. In all cases we used the magnitude and extinction limited samples to limit biases due to different depth and extinction values. The resulting values are indicated in Fig. 8 with the same color coding as in Fig. 5 for each region. Further is shown the distribution of Q values for samples of 20 objects randomly drawn from the control field.
The width of the distribution of the random samples from the control field suggests that the sample sizes are relatively small to determine substructure or central concentrations. Region 1 shows some evidence for sub-structure based on the low Q value, regions 2 and 3 as well as the whole region show some sign of central concentration. However, the extinction limited sample for region 1 is still based on 7 objects and would benefit from a larger sample. The whole region is dominated by region 3 in numbers which may complicate the search for any substructure. A larger sample is necessary to distinguish, for example through deep space based J and H band imaging.
The Q values determined for the sub-clusters are similar to the Q valued determined in a large set of more evolved clusters by Jaehnig et al. (2015) . The Q values for the regions are 0.70 for Region 1, 0.88 for Region 2, 0.75 for Region 3, and 0.77 for the full region. The Q value for Region 2 is high but similar values do occur in the sampling the control field and the Region 2 value is only one of the four regions we calculate Q for.
Cluster mass and age
In principle the age of the cluster populations can be determined from the color-magnitude diagrams. The time it takes a star to arrive on the main sequence is dependent on mass and the turn-on point where the pre-main sequence population merges with the main sequence is thus an age indicator once the distance to the cluster is known. Differential extinction complicates this analysis for relatively sparse clusters since it is not clear where the objects should be dereddened to, the main sequence or the pre-main sequence once an age is adopted. If the main sequence is richly populated the distribution of extinction can be estimated and the Note-The stellar mass in the region in the mass range 0.15 M to 7 M . The total mass extending the mass range to a full Chabrier IMF up to 120 M . Note that the assigned sub-systems overlap.
average location of the pre-main sequence objects in the CMDs can be found. Here we assume an age of 1 Myr and adopt the isochrones from (Tognelli et al. 2011) and Baraffe et al. (1998) converted into the 2MASS system using the TADA software (Da Rio & Robberto 2012) for a direct comparison with the observed magnitudes. An age of 1 Myr is based on the generally high disk fraction and the association with the molecular material which suggest youth and is consistent with an age of 1 Myr. An actual younger age would result in an overestimate of the pre-main sequence stellar content and vice versa for an underestimate. For objects above 1.4 M we use the Tognelli et al. (2011) isochrone and below Baraffe et al. (1998) since their evolutionary tracks extend to lower masses. Scandariato et al. (2012) showed that the model magnitudes of pre-main sequence stars are differ systematically when compared to observations for late spectral types (e.g. Scandariato et al. 2012 ), in particular in the H band due to the strong water band absorption. A correction to the model isochrones as a function of effective temperature was tabulated by Scandariato et al. (2012) for the Orion Nebula Cluster, which has an age of 1.5-3.5 Myr (Reggiani et al. 2011; , for objects in the spectral class range K6-M8.5, covering the PMS stars in our sample. A linear interpolation for the color correction as a function of effective temperature was performed based on the effective temperature from the evolutionary models. This provides the predicted magnitudes from the luminosity and effective temperatures that can then be compared with the observed magnitudes and colors. The total mass estimate for each sub-region and the whole cluster are provided in Table 3 .7. All the mass estimates are to be considered lower limits since it is expected that stars will remain undetected due to extinction. This is particularly severe for region 1 but can also affect the other regions.Further, for a more direct comparison between the different regions a lower mass limit of 0.15 M has been adopted.
Both the directly observed mass and the corrected mass estimates are provided. There are two corrections provided to the measured mass. The first is due to incompleteness: As discussed in Section 2.3 only a fraction of the fainter stars is detected due to crowding and variable background. Thus, the mass for each star is weighted by the inverse of the completeness determined in Section 2.3. The other correction is due to only a fraction of the IMF is traced. We are determining the mass between 0.15 M and 7 M and is thus extrapolating the mass to the total mass assuming a standard log-normal IMF at low masses and a Salpeter slope above 7 M up to 120 M . The correction factor is ∼30%.
The mass estimates take into account all detected sourced. However, the preferential lack of detected sources in region 1 due to the very large extinction makes the mass estimate for this region a stronger lower limit than for the other regions. Including sources only detected in the H and Ks bands would double the sample. However, Even in the H band many sources invisible and only seen in in the Ks band images. Further deeper short wavelength observations will address this.
In any case, the mass of the whole region is comparable to regions known to form massive stars, e.g. the Orion Nebula Cluster (e.g. Da . Given the large gas infall onto region 1 it is very like this sub-cluster will increase in mass in the future.
That the embedded cluster is physically close could suggest interaction between them and possibly triggering of star formation in the embedded cluster. From the near-infrared photometry alone there is little to indicate if triggering is the reason for star formation in Region 1 or if it was collapsing by itself. Future work combining the current dataset with proper motion studies and the gas dynamics will address this issue.
CONCLUSIONS
We have performed deep near-infrared imaging of the cluster associated with the massive molecular clump G286.21+0.17. The spatial resolution is 0.6 and the depth of the observations is J∼21 and Ks∼18.5. The molecular clump is shown to be associated with a rich exposed cluster as well as two smaller embedded clusters. The disk fraction is determined to be high in all three regions, ranging from 27-44% for a magnitude and extinction limited sample. The total molecular mass still remaining has been estimated to be as high as 10 4 M based on high column density tracers. We have analyzed the spatial structure using the Q parameter. There is evidence for sub-structure in the star forming region. The exposed region further shows evidence for being centrally condensed. 
